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Art Unit: 1637 

EXAMINER'S AMENDMENT 

Following entry the amendment filed 1 1/26/2003, the claims 1-5, 18-19, 22-26 and 28-29 

1 . An examiner's amendment to the record appears below. Should the changes and/or 
additions be unacceptable to applicant, an amendment may be filed as provided by 37 CFR 

1 .3 12. To ensure consideration of such an amendment, it MUST be submitted no later than the 
payment of the issue fee. 

Authorization for this examiner's amendment was given in a telephone interview with 
John B.Alexander on 2/5/2004. 

2. The application has been amended as follows: 
Cancel claim 18. 

In claim 1, line 6, after "wherein m is 2 to 30, and", delete "Xi to Xm are, each 
independently, -CH= or -N=" and substitute therefore - each occurrence of Xm is independently 
selected fi'om -CH= or -N= ~. 

In claim 2, line 7, after "the general formula", delete - (I) --. 

In claim 19, line 1, delete "The" and substitute -A ~; after "kit", delete "according to 

claim 1 8" and substitute therefore — suitable for use in the method of detecting or identifying an 

i' 

action of a chemical species to a substance containing DNA or RNA, wherein the kit — ; after 
"comprising", delete "a" and substitute ~ the -. 

In claim 19, line 2; delete "which can bind to a base sequence of DNA". 

In claim 19, line 7, after "wherein m is 2 to 30, and", delete "Xi to Xm are, each 
independently, -CH= or -N=" and substitute therefore - each occurrence of Xm is independently 
selected fi'om -CH= or -N= -. 
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Art Unit: 1637 

In claim 22, line 2, after "an action of, delete "a" and substitute therefore - said and 
after "chemical species", delete "A". 

3. The following is an examiner's statement of reasons for allowance: 

Concerning claims 1-5, 18-19, 22-26 and 28-29, no prior art has been found teaching or 
suggesting the chemical species as represented in claim 1, 19 and 28-29 used in the method for 
detecting or identifying an action of the chemical species to a substance containing DNA or 
RNA and the kit containing the chemical species as represented in claiml9. 

The closest prior art is the reference of Asai et al. (J. Am. Chem. Soc, 1994, Vol. 1 16, 
pg. 4171-4177). Asai et al. disclose a novel property of Duocarmycin and its analogues for 
covalent reaction with DNA. The chemical compound (See pg. 4174, the Abstract and fig. 1) 
used in the method of Asai et al. is not the same chemical species as represented in claim 1. 

Any comments considered necessary by applicant must be submitted no later than the 
payment of the issue fee and, to avoid processing delays, should preferably accompany the issue 
fee. Such submissions should be clearly labeled "Comments on Statement of Reasons for 
Allowance." 

4. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Joyce Tung whose telephone number is (571) 272-0790. The 
examiner can normally be reached on Monday - Friday, 8:30-5:00. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Gary Benzion can be reached on (571) 272-0782. The fax phone number for the 
organization where this application or proceeding is assigned is 703-872-9306. 
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Information regarding the status of an application may be obtained from the Patent 



Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for impublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 

Joyce Tung T 
February 6, 2004 
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A Novel Property of Duocarmycin and Its Analogues for 
Covalent Reaction with DNA 

Akira Asai, Satoni Nagamara, and Hiromitsu SaUo**^ 

Contribution from the tokyo Research Laboratories, Kyowa Hakko Kogyo Co,, Ltd, 3-6-6, 
Asahi-machi, Machida-shi, Tokyo, 1 94 Japan 

Received December 6, 1993* ' 



Abstract; For understanding the mechanism of action ofantitumor agents and designing new drugs, the DNA alkylating 
property of duocarmycin (DUM) and its analogues was examined. The thermal depurination producu of calf thymus 
DNA covalentty bonded to DUMA were revealed to be not only the DUMA-N3 adenine adduct but also unexpectedly 
the DUMA-N3 guanine adduct. In addition DUMS A and synthetic analogues, I and 2 with higher solvolytic stability, 
reacted more selectively with N3 adenine than DUMA did. The correlation between etectrophilidty of the cydopropane 
subunil in the molecule and selectivity to adenine was observed. KW-2189, the synthetic derivative of 1 which has 
improved in vivo antitumor activity, was designed as a prodrug requiring enzymatic hydrolysis of the carbamoyl moiety, 
followed by regeneration of 1. Surprisingly we discovered that KW.2189 itself alkylated DNA covalcntly without 
release ;he carbamoyl noiety. For the mcchamsra of DNA alkylation by KW-21 89, a novel alkylating reaction via 
the formation of an i minium intermediate 18 without loss of the carbamoyl moiety was proposed. 



A new class of antitumor antibiotics produced by Streptomyces 
sp,, including duo(^rmycin (DUM) A,'-* Bj,* B2/ C|,^ CiP and 
SA^^ possess exceptionally potent cytotoxicity. DUMA, Ci, and 
C2 have been reported to derive their cytotoxicity through a 
sequence-selective minor groove alkylation of double-stranded 
DNA which mediates, as in the case of the antitumor antibiotic 
CC-106S, N3 adenine covalent adduct formation.***' In the 
course of our investigation of the thermal depurination products 
of DNA covakntly bonded to DUMA, we obtained not only ihe 
DUMA~N3 adenine adduct but also unexpectedly the DUMA- 
N3 guanine adduct. Herein we report the isolation and full 
characterization of the DUMA-guanine. covalent adduct and 
adenine adducts of synthetic derivatives. In addition we estimated 
the reactivity of DUM and synthetic derivatives with DNA by 
HPLC. The correlation between electrophilicity of cyclopropane 
and selectivity to adenine was observed. K W-2 1 89 is the synthetic 
derivatWc of 1 with imptsved in vivo antitumor activity. Based 
on iti superior sduUlity and its improved i/ic»w> antitumor activity, 
KW-:? 189 has been selected for use in clinical trials. Surprisingly 
we discovered that KW*2I89 itself alkylated DNA covalcntly 
without release of the carbamoyl moiety. 

StaUDty of cyclopropane Subunit. The potent cytotoxicity of 
DUMA and its related compound, CC- 1065, both of which contain 

* Plcscnliddrcss: Pfaaraiaceulical Research Labqraturics, Kyowa Hakko 
Kogyo Co, Ltd.. Sbimologari 1 188, Nagaizumicho, SonUhgun, Shizuoka 
411. iapaa 

• Abstract published in Advance ACS Atstracts, April IS. 1994. 
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Hgurt I. Structures of ducarmydas and analogues descntiod in this 
study. 

the spirocyclopropylhexadienonc moiety as a conunon pharma- 
cophore, is thought to be attributable to their DNA alkylating 
ability. It has been reported that these agents bind to the AT- 
rich minor groove of DNA and then receive adenine Nj addition 
to the unsubstituted cydopropane carbon, generating the drug 
DNA covalent adduct.*-*' To investigate the reactivity of the 
cyclopropane sobunit of DUM A, DUMSA, and analogues 1 and 
2, we evaluated the chemical stability of these drugs under aqaeous 
neutral conditions by using reverso-pbase HPLC analysis. Figure 
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Hgure 2. H'?LC analysis of calf thymus DN Vtreatcd and untreatecl 
drugs. Drugs (0.038 mM ) were incubated wiih or without calf thymus 
DNA (1.1 mM bp) in 20% acctonitrile/10 mM phosphate bufTcr (pH 
7.0) at 35 ®C and the amounts of residual dru^ or solvolysis products 
in the reaction mixtures were estimated by HPLC analysis at intervals 
(detector; ShimadzuSPD 1 OA; wavelength, 330 nm; column, untsil jCis- 
250A; elutiott buffer, 40-60% acctonitrilc/50 mM phosphate buffer (pH 
S.9); flow rate, 1 mL/min). (A) The rsidue of DUMA (O), DUMSA 
(X). 1 (DXand 2 (a) in the absence of DNA. (B) The residue of DUMA 
(O), DUMSA (X), 1 (□), and 2 {A) in the presence of DNA. (C) The 
residue of I in the absence of DNA (O) or in the presence of DNA. 
Reaction mixtures were subjected to HPLC directly (Q). after DNA was 
precipitated by ethanol (A), or after extraction with l-buunol (x). (D) 
Disappearance of KW-21 S9 (circle) and formation of 12 (square) in the 
absence (open symbol) or presence (closed symbol) of DNA. 

2 A shows the time course for the loss of drug residue. DUMA, 
containing ihtaitered-CPl (cyclopropylpyrrolotndole) alkylating 
subunit in the molecule, was subjected to solvolysis inJZQ% C^r 
C?5/0.0r M phosphate buffer (pH 7.0) at 35 to give the 
inactive hydrolyzed products 3 and 4 via nucleophilic attack of 
water at the C4 and C4. positions, respectively (Scheme 1 ). On 
the other hand, 1 afforded only one kind of hydrolyzed compound 
7 very slowly ( Figure 2 A, Scheme 2), and DUMSA and 2 were 
so stable that no solvolysis products were observed under these 
conditions. Since under these aqueous neutral conditions no 
products were detected by HPLC except hydrolyzed compounds, 
the subtlity of DUMs might reHect the reactivity of the drug 
with « hydroxy! anion, that is, the electrophilicity of the 
cyclopropane of these drugs. The reactivity of the cydcpropane 
was signiftcantty different among DUMs. Solvolysis of the 
ahered-CPl unit of DUMA was faster than that of the CPI unit 
of other DUMs described in this study. C2 and C3 substituents 
on the CPI unit also influenced the rate of solvolysis. These 
results indicate that the electrophilicity of the cyclopropane 
depends on the A-ring structure of the left hand segment. Thus, 
the electrophilicity of the cyclopropane of these drugs is as 
foUows: DUMA > 1 > DUMSA « 1 Recently, from the 
examination of HPLC analysts and biolo^cal activity of DUM- 
DNA adducu wc have observed that the DNA alkylating reaction 
of DUMA. SA, and analogues is reversible*^ The rate of 
regeneration of these drugs from the oovalent DNA adducts (2 

- JJ ^L'^ 'i-^ Nagamura, S.; Saiio, H.; Takahasbi. I.; Nakana H. Nucleic 
XritfrAte. I994.22.8S. 



> DUMSA > I » DUMA) wascorre-^ted to the electrophilicity 
of :hese drugs (described above). Independently, studies con- 
cerning the reversibility of DUMA and SA have tien reported,*' 
with results similar to ours. 

Reactivity of DUMs with DNA. To investigate the reactivity 

of ni IMc urith riNl A (4«i«rm^na^ *•<• •■•«««■•■>• nr^«.. . — - 

in the presence of calf thymus DNA (drug/DNA bp « 1/29) by 
reverse-phase H PLC analysis at intervals. In the afasenccof DNA 
the amount of dr * ^ decreased slowly and generated the hydrolyzed 
compounds as mentioned abo ve. On the other hand in the presence 
of calf thymus DNA the rate of disappearance of drug was 
accelerated (Figure 2B), and no hydrolyzed producte were 
detected. In the presence of DNA. only DUMA provided a small 
amount of hydrolyzed products 3 and 4. However, the yields 
were only 2.3 and 2.2%. respectively, after 5 h. In contrast, in 
the absence of DNA the yield of the hydrolyzed products was 
4 1 % (3:4 «3 1 :l ) after 5 h. These results suggest that the drugs 
bound to DNA covalentty or noncovalently. The accelerated 
decrease of residual drugs in the presence of DNA was also 
observed when the supernatant v^as analyzed after DNA 
precipitation with ethanol, or when a 1 -butanol extraction of the 
reaction mixture was analyzed by HPLC (Figure 2C). These 
precipitation or extraction procedures c::surcd that the nonco- 
valently bound drug had been removed from the DNA. After 
the complete disappearance of the free drug followed by ethanol 
precipitation, we detected different CD spectra of DNA induced 
by these drugs (data not shown). Distamycin A, which is known 
as a strong minor groove binder without alkylating ability, did 
not exhibit the accelerated loss of residual drug in the presence 
of DNA when the reaction mixture was subjected to HPLC 
directly. These results imply that DUMs immediately alkylated 
DNA af^er the noncovalent binding stage or that DUMs which 
had bound to DNA noncovalently could be removed from DNA 
in the ODS HPLC column system and subsequently be chro- 
matographed. Since no hydrolyzed products were observed in 
the presence of DNA, the amount of drug which disappeared in 
the presence of DNA is considered to be equal to the amount of 
drug converted to the covalent DNA pdducts.*^ Though all of 
the DUMsdescribed here (except for KW-2I89) provided faster 
disappearance in the presence of DNA than in the absence of 
DNA, these drugs differed in the rate of disappearance in the 
presence of DNA (Figure 2B). The results imply that the rate 
of covalent reaction with DNA is affeaed by the A*ring struaure 
of the left hand segment of DUM. Theteactivity oi the drugs 
with DNA did not strictly correlate to the electrophilicity of the 
drugs. DU MK which was much more unstable than other DUMs 
in the absence of DNA (Figure 7 A), showed higher reactivity 
with DNA than other drugs (Figure 2B). Thus the higher 
reactivity of DUM A with DNA might be due mainly to the strong 
electrophilicity of its cyclopropane subunit. However, the rate 
of alkylation of 2 was faster than that of other drugs except 
DUMA, though 2 was the most stable in the absence of DNA. 
From these results, two factors for DNA alkylation of DUMs 
could be inferred: (1) the electrophilicity of the cyclopropane 
subunit and (2) steric effects of the Cjsubstituentof the left hand 
segment. One more factor namely, the effect of hydrophobic 
interaction of the right hand segment with the minor groove of 
DNA, was proposed for understanding the reaction b^ween DNA 
and CCO065 analogues. However, alt of the right band 
segments of the DUMs described here are irimethoxy indole* 
types, suggesting tliat the effect of the right hand segment was 

(13) Soger. D. L.: Yun. W. J, Am. Chem. Sec. 1993. //J. 9r72. . 

(14) This thinking provided us with a uacful method for inrestigation of 
the drug-DNA interaction and, furthermore, for dcsigniag new antitumor 
agents. In fact, we otMained a good corretalioa between i£c cytotoxicity of 
DliM derivathrcs in wb^ the right hand segment was substituted ami the 
amount of loss of these drugs at a specific time interval la the presence of 
DNA (unpuMishcd observation). 

(15) Bogcr, D. L.;Munk,S. A.;Zarrinmayeb. U.J.Am.Cktnt^Soc, 1991. 
//i.3980. 
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negligible in our examinations. Thus, noncovalent or covalent 
binding of 1 to DN A might be sterically hindered by the methyl 
ester substituent of Q. Therefore, the alkylating reaction of 1 
would be slower than 2, although the reactivity of its cyclopropane 
would be higher than that of 2. This assumption was supported 
by the weaker cytotoxicity of the Cj-isopropytester derivative of 
1 (unpublished results)^ 

Isohtioa and Characterization of DUM-BaseAdducts. In order 
to gain further insight into the mechanisms of DNA binding by 
DUMs, wc prepared and isolated DUM-base adducu and 
obtained both >H and iX: NMR spectra. DUMA was incubate 
with calf thymus DNA (drug/DN A bp = 1 /20) at 37 •€ for 24 
h. When the DUMA-DNA adduct was heated at 100 **C for 
30 min, after removal of unbound DUMA. 3 and 4 by 1 -butanol 
extraction and cthanol precipitation, two compounds with the 
DUMA chromophore were unexpectedly released from the DNA. 
Characterization of these compounds by •H and *K NMR. 2D 
<H->H NOESY, »H-'JC HSQC» and »H-»K: HMBC indicated 
that one was the DUMA*N3 adenine adduct 5>-" which had 
been already fully charaaerized by Boger et al. The other was 
found to be the DUMA-N3 guanine adduct 6 (The yields of the 
adenine adduct and the guanine adduct were 56 and 28%. 
respectively.). The structure of 6 was initially identified by a 
methytation experimental^ In the 'H-N MR spectrum of 6, all 
of the resonances were comparable to those of DUMC2. One 
additional nbnexchangeable resonance at 7.64 ppm (IH) and 
two exchangeable resonances at 7.07 (2H) and 1 3.00 ppm ( 1 H) 
were found (Table 1). The only base residue that gives one 
Q^Kx^iaogeable resonance is guanine. Furthermore, the chemi- 
cal shift value of this resonance showed a dose correlation with 
theguanineHi resonance. This data suggests that 6 is a DUMA- 

(l6)aiglyantt,H4K«ioihige,O^Ch«^ 
Stito. H4 Sftito. I. Tetndudrott Utt, t99X U, 3179. 
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guanine adduct. This was supported by the secondary ion mass 
spectrum (SIMS) of 6 which gave the corresponding molecular 
ion peak (M + H)^ at m/z 6 59. With respect to the resonance, 
five resonances were observed which were attributable to the 
guanine moiety in 6 (Table 2). One of them at 137.3 ppm was 
assigned as guanine Ca by the HSQC experiment. Furthermore, 
in K M BC experiments, four cross peaks were obsdrvcd omneoing 
the guanine Ha proton with the resonances of 147 J and 1 10.8 
ppm, and the C4.-H proton with the resonances of 147 J and 
1 53.2 ppm (F^ure 3 and Table 2). From these results aU of the 
'H and resonances could be assigned and the C4A-gttamne 
N) bond was identified. In the HMBC experiments of 5 four 
cross peaks were also obsen ed connecting the adenine Hs proton 
with the resonance of ade-Q (150.3 ppm) and adc-Cj (120.3 
ppm) and the C^-H proton with the resonances of ade-Cj 
(143.1 ppm) and ade-Q (150.3 ppm). The same treatment of 
1 with calf thymus DNA also gave two adducts. These prxtducts 
were identified as 1-N3 adenine adduct 8 and t-N3 guanine 
adduct 9. fThe yields of the adenine adduct and the guanine 
addua w;:re 74 and 7%, respectively.) Due to its low yield, 9 
could not be fully characterized but its *H NMR spectra and 
SIMS indicatci its structure as the N3-guamne adduct In 
contrast, DUMSA and 2 provided N3 adenine adducts, 10 (yield; 
8 1 %) and 1 1 (yield; 79%), predominantly with trace amounts of 
minor products by thermal depurination reaction of these DNA 
adducts. 

SdecMtyofDUMstoAdefdne. The DNA alkylating reaction 
of DUMA followed by thermal depurination provided DUMA- 
N3 adenine and DUMA-N3 guanine adducu (adenine/guanine 
« 2:1) when high oonoentralions of the drug were used (drug/ 
DNA bp a 1/20, sec Experimental Section). The ratio of the 
TWO adducts was correlated to the ratio of drug/DNA base pair 
(bp), that is, low values of drug/DNA bp resulted In selective 
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CondatiooQf*H-*K:ioiig-rangeoouplingsofaserveuinHMBC 
spectnuQs of S end 6. 

alkyiation of adentoe (Table 3). These results suggest the DUMA 
alkylates N3-adeiuae sctectivcly at first and that N3-guamne is 
the second target for DUMA. On the other hand, 1 afforded 
both its adenine and guanine adduct, with higher selectivity to 
adettiac(adenine/goamneBlO:l)thanthatofDUMA. OUMSA 
and 2 gave only their adenine adducts. Since these reactions 
were performed under the same conditions (sec Experimental 
Section), the alkylating setccttvity to N3 adenine is 2 » OUMSA 
>1>0UMA. Interesttn^y.aoorrdationbetwectitheselecttvity 
to adenine and the dectrophiltcity of the cydoprppane subunit 
wasobserved. DUMA,containingthemostreactivecydopropane 



OUy SA - N3 adenine adduct 10 X ^ C02Me 
2 • N3 adenine adduct 11 X = Me 

alkylated both adenine and guanine. The most stable analogues 
2 and OUMSA, containing less reactive cyclopropancs, dem- 
onstrated the greatest spectficity for adenine. Compound I, which 
contains a cydopropane less reactive than that of DUMA but 
more reactive than that of OUMSA and 2 (Figure 2A), alkylated 
adenine more sdectivety than did DUMA. It was presumed that 
DUMA possessed lower sequence selectivity due to the higher 
reactivity of its cyclopropane. The consensus sequences to which 
DUMA and CX;*I06S bind through N3 adenine have been 
identified.^**^ Our results, along with already published re- 
ports,>^i^ reveal that DUMA and ] bind to other sequences, 
mediating N3 guanine adduct formation. Boger et al. reported 
that hydrophobic interactions of the right hand segment with the 
minor groove of DNA affect the sequence selectivity of DUMA, 
CC* 1065, and their analogues.*' Now we have showed the effect 
of the electrophilidty of the cydopropanc, which was dependent 
on the A-ring strvaureof the left hand segment, on the sdectivity 
for adenine vs guanine. This effect might also extend to the 
sequence selectivity of these drugs. 

A NoTd Property of KW-2189 for ONA AfkyUtUm. KW- 
2189, the synthetic derivative of I whidi possesses improved in 

(17) Mitchell. M. A.; Wefland, K. L.; ArirtofT, P. A4 Johnson, P. D.; 
Dooley. T. P. Chem. Ra. Toxkol. 1993. tf, 421. 
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Tiblc 1. 'H NMR of 5 aod Related Compounds (DMSO^ 500 MHi) 

.5» 8 



C8-0H(tH,br) 1013 
C7«H(lH.bTs) 8.03 
Nl.H(iabrs) 7.23 
C4a-H(1H) 4.64 

(ddy=5.4, 
13.7 Hz) 
C4a-H(IH) 4.49 

(dd Ja7.1, 
13.7 Hz) 
C5-H(1H) 4.68 

(ddi = 2.7, 
10.9 Hz) 
O'HdH) 4.41 

(dd J s 10.9, 
10.9 Hz) 
C4-H(lH,m) 4.22 
C2.COiCH3(3H.s) 3.58 
C2.CHj<3H,s) 1.41 
C3H(lH.s) 

Nr-H(IH.bf$) 11.19 
C4'-H(lH.s) 6.90 
C3'.H(lH,d) 6.83 (y** 

2.0 Hz) 

C5'-CHi(3H.s) 3.92 
C6'.CH,(3H.s) 3.81 
C7'^H3(3H.s) 3.79 

adc<:2H(IH.s) 7.93 
ade-NH2 (2H.br) 7.85 
ade-C8-H(IH.$) 7.64 



« Operated ai 400 MHz. 

preparation and characterization of 3, 4. 7. and 12, and full characteriza- 
tion of 1 and 2 are provided in the supplenientary material. Calf thymus 
DNA was purchased from Sigma. All of the NMR experiments were 
^performeiJon Brukcr AM 500 or AM400 spectrometers operating at SOO 
or 400 MHz for proton and 125 or 100 MHz for carbon observations. 
Fast atom bombardment mass spectra <FABMS) and fast atom 
bombardment high-resolution mass spectra (FABHRMS) were run on 
a HXl lOA. secr-odary ion mass spectra (SIMS) and efearon impact 
mass spectra (EIMS) were run on a Hitachi M80B spectrometer. 

Gcocral Procedure for DNA-AIkylation by DUMs osd Iso!ati<m of 
DUM-Base Addocts. A solution of drug (7.1 X tO"' mmol) in ^JV- 
dimeihylformamide (I mL) was treated with calf thymus DNA (90 mg, 

0. 14 mmol bp) in 10 mM potassium phosphate buffer (pH 7.0, 9 mL), 
and mixture was incubated at 37 "^C for 24 h (7 days fo^ KW-2189). One 
mL of 3 M aqucoos potassium acetate was added, and, the DNA was 
precipiutedwith25mLofethanol. The precipitated DNA was dissohrcd 
in 10 mM potat sium phosphate buffer (pH 7.0, 10 mL) and l-butanol 
(10 mL), and the solution was heated at 100 **C ifor 1 5 min with stirring. 
After cooling to room temperature, the l-butanol layer was separated. 
The aqueous layer was heated with 1-butanol (10 mL) fir 15 min at 100 

The combined I -butanol layers vrereoonccotratod. After the residue 
was dissolved in 50% aqueous methanol, the sample was subjected to 
HPLC (YMC R335-20, SO X 500 mm) with 40-50% acctomtrile/50 
mM potassium phosphate buffer (pH 5.9). sotvent at a flow rate of 20 . 
mL/min. The'ehitcd fraction that contained the DUM chromophore 
(detector,ShimadzuCR4A)wascoUectodandoonoentrated. The samples 
were desalted on a Dianioa HP20 column, conoentrated, and dried in 
vacuotoyieldDUM-baseadducts. By following this pnxxdure DUMA 
afforded both DUM A-N3 adenine adduct S (2.5 rog. 55%) and DUMA- 
N3 guanine addua 6 (1.3 mg. 28%) as yeltow solids. S: >H NMR 
(DMSO< 400 MHz) Table I, »>C NMR (DMSO^ 100 MHz) Table 
2;SIMS. m/e643 (M* + H); FABHRMS, m/e 643.2267 (CjiHnNtd 
+ H* requires 643.2265). 6: >H NMR (DMSO^ 500 MHz) Table 

1, '?C NMR (DMSOh^ 125 MHz) TaWe 2; SIMS, m/e 659 (M* + 
H):FABHRMS,m/«659J22t (CiiHjoNga0+ H* requires 659.2214). 

By following the procedure described above 1 afforded both the I-N3 
adenine adduce 8 (3 J mg, 74%) and the 1-N3 gauoine adduct 9 (a4 mg. 
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7%) as pale yellow solids. 8: 'H NMR (DMSOs4, 500 MHz) Table 

I, *K NMR (DMSO-</6. 123 MHz) Table 2; SIMS, m/e 627 (M* + 
H);.FABHRMS, m/e 627.2332 (Cji HjuNgOr + H+ requires 627.23 15). 
9; *H NNW (DMSa^6« 300 MHz) ppm; f2.70'(lH br gua-CV-H), 
1 2.C0 ( 1 H, brs, N 1 -H ), n .29 ( I H. brs. N r-H ), 1 0. 1 5 ( I H, br, C8-OH). 
7.68 (IH. s. C7.H). 7.31 (la s, gua-CS-H), (2H, br. gua-C2- 
NHi). 6.74 (IH.s, C4'-H). 6.57 ( I H, d, / = 2.1 Hz C3'-H), 4.43 ( I H, 
m, C4-H), 4.22 (IH, dd, / = 7.0, 10.9 Hz, C5-H), 4.15 (IH, dd, y » 

I I. 9, 14,5 Hz, C4a-H), 4.05 (IH, d, / 10.9 Hz, C5-H), 3.95 {3H s 
C5'-CH,), 3.93 (IH, dd, y o 4.5. 14.5 Hz, C4a-H) 3.85 (3H, s. C3- 
COiCH,), 3.80 (3H. s. C6'-CH j), 3.76 (3H. s, C7'^H,), 2.64 (3H, «, 
C2-CH3); SIMS, m/e 643 (M* 4- H); FABHRMS, m/e 643.2268 
(CjiHjoNiOi + H* requires 643.2265). 

By following the procedure described above DUMSA afforded the 
DUMSA-N3 adenine adduct 10 (3.5 mg, 81%) as a pale ydlow solid. 
10: <H NMR (DMSOk^* 400 MHz) Table t, *K NMR (DMSO^s. 
100 MHz) Table 2; FABMS, m/e 613 (M+ + H); FABHRMS, m/e 
613.2167 (CjoHaNiOr requires 613.2159). 

By following the procedure described above 2 afforded the 2-N3 
adenine adduct ll(3Jmg. 79%) as a pale ycUow solid. U: ^H NMR 
{DMSOhI^ 500 MHz) Table 1 , *K: NMR (DMSO^ 125 MHz) Table 
2; SIMS, m/e 569 (M* + H); FABHRMS, m/e 569.2268 (CzvHaNfOs 
-l-H^ requires 569.2261). 

. By following toe procedure described above KW.2189 afforded both 
iH ICW.2189-N3 adenine adduct 13 (3.1 mg. 58%) and the KW-2189- 
N3 guanine adduct 14 (0.8 mg. 1 5%) as pale yclbw solids. 13: ^H NMR 
(DMSO^t, 500 MHz) ppm; 12,01 (IH. br, Nl-H), 11.10 (IH, br», 
Nl'-H), 7.93 (IH. a, adc-C2.H). 7.85 (IH. brs, O H), 7.78 (2H. br. 
ade^6-NH}). 7.50 (IH, s. adc-C8-H), 6.85 (IH, s, C4'-H), 6.79 (IH. 
d,y = 2.1 Hz, C3'-H). 4.82 <1H, d, /= 10.8 Hz, C5-H). 4.71 (|H. m, 
C4.H), 4.56 ( I H, dd. y = 3.3, 1 3.3 Hz, C4a-H), 4.43 ( 1 H, dd, y ° 8 J, 
13.3 Hz, C4a.H), 4.32 (IH, dd, y = 8.4, 10.8 Hz, C5-H), 3.94 (3H, », 
C5'-CH,). 3.85 (3H, s. C3.C0jCH,). 3.80 (3H, s, Ce'-CHa), 3.79 (3H, 
s, C7'-CHj), 3.71 (2H, br, C2'' Hj or C6'' H^, 3.50 (2H. br, C2"-Hi 
or C6"-Hi), 170 (3H, s, C2-CH,), 2.40 (4H, br. C3"*H, and C5''-H2}, 
2.26 (3H, s, Nr-CHj): >^ NMR (DMSO^ 125 MHz) ppm; 165.2 
(C2-CQiCHj). l60.2(C2a'), I54j(adc-C6). 152.5 (C48*0, 152.1 (adc 



Left Hand Segment 
9.56 9.65 
7.68 7.56 
11-96 10.83 
4.52 (m) 4.69 

(ddy «4.8, 
13.5 Hz) 
4.36 4.40 
(ddy«7.8, (ddy»8J, 
1 3.2 Hz) 13.5 Hz) 

4.75 4.44 (m) 

(dya 10.5 Hz) 

4.24 4.44 (m) 

(ddy= 10.5, 

10.5 Hz) 
4.58 4.24 

3.83 (C3-C02Me) 

2.65 2.34 

5.88 

Right Hand Segment 
11.04 11.16 

6.84 6.89 

6.72 (y = 6.83 (J = 
2.0 Hz) 1-7 Hz) 

3.94 3.93 
3-80 3-80 
3.79 3.79 

Base 

7.79 8.17 

7.73 8.10 
7.49 8.04 



DNA Alkylating Property of ihtocarmycin 



TtUcl *K:NMR of 5 and Related Compounds (DMSO-tf«. 
125 MHz) 
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'Operated at 100 MH2. 


Table X Effect of Drug/ DNA' bp Ratio on the Selective Adenine 


Alkylatton* 




drag/DNA 


adenine adduct/ drug/DNA adenine adduct/ 


bp . 


. ^anine adduct * bp guanine adduct 


0.1 


1.4:1 0.0125 10:1 


0.05 


2.1:1 0.00625 11:1 


0.025 


5,1:1 



' Various concentrations of DUMA were incubated with calf thymus 
DNA (1.5 mM bp) in 10% /V^V-dimethytformamide/lO mM potassium 
phosphate buffer at 35 *C for 8 h. After t-butanol extraction and ethanol 
pred|ntation, these DNA samples were dissolved in 10 mM potassium 
phosphate buffer and heated at 100 ^'C for 10 min. Reaction mixtures 
were subjected to HPLC analysis (detector, Shimadzu SPD lOA; 
wavdcngtb, 330 nm; column, unisil 3Cir250A: elution buffer. 40% 
acetomtriIe/50 mM phosphate buffer, pH 5.9; flow rate. I mL/roin). 
These alkylating and dcpurination conditions afforded 80-85% yields of 
DUM-base adducts. 

C8). I50J (ade<:4), 148.9 (C5'). 146.4 (C2), 143.2 (ade-C2), 139,5 
(C6'). 138.9 (07'). 138.2 (C6a), 135.9 (C8). 131.2 (C20. 125.7 (C8a). 
124.9 (C7a'). 124.4 (C3a), l23.0(C3a1. 120.2 (adc-C5), 118.5 (C3b). 
105.8 (C7). 105.4 (C3'), 103.4 (C3), 99.9 (C4'). 61.0 (C6'-CH,). 60.9 
(C7'-CH,), 55.9 (C5'-CH,). 54. 1 (C2" or €6*0, 53.9 (C2" w C6'l, 53.5 
(C5). 51.9 (C4a). 50.8 (C3-CO2CH3). 45.7 (Nl"-CHi). 44.1 (C3" or 
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Figure 4. Proposed mode of action of KW-2189 for DNA alkylatton. 



C5 "). 43.2 (03" or C5"). 42.5 (C4). 14.6 (C2-CHj); SIMS, m/e 753 
(M+ + H); FABHRMS. m/c 753,3129 (CiiH^jNtcOs + H* requires 
753.3109). 14: NMR (DMSO-i/«. 500 MHz) ppm; 12.70(]H, br. 
gua-C9-H). 12.04 (1H. bis. Nl-H). 1 1.32 (IH, brs. Nl'-H). 7.83 (IH. 
s. C7-H). 7.32 {IH, s. gua-C8-H). 7.07 (2H. br. gua-C^NH]). 6.76 
(I H; s, C4'-h), 6,60 (IH. d, J « 2.0 Hz. C3'-H). 4.56 (IH, m. C4-H), 
4.29 (1 H. dd. y » 7.2. 1 0.9 Hz. C5-H), 4. 1 9 ( t H. dd. 7 » 1 1 .8, 1 4.7 Hz, 
C4a-H). 4.10 (1 H. d, y » 10.9 Hz. C5-H), 4,00 (IH, dd, / « 4.4. 14.7 
Hz, C4a-H), 3.95 (3H, s. CS'-CHj). 3,89 (3H, >. C3-CO2CH3), 3.80 
(3H. s. C6'-CH,>, 3.76 (3H. s, C7'-CH,). 3.72 (2H. br. C2"-Hi), 3,49 
(2H. br, C6"-Hi), 170 (3H, s, C2-CHj), 2.46 (4H. br, C3''-Hx and 
C5"-K2). 2,26 (3H. s. Nr-CHi); SIMS, m/e (rd intensity) 769 (M^ 
•t- H, 24). 234 (base); FABHRMS, m/e 769.3071 (C,7H4oN|<^ ^ H* 
requires 769.3058). 
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Instrumentation and reagents. 

AU of the NMR experiments were performed on Bruker AM500 or 
AM400 spectrometers operating at 500 or 400MHz for proton and 125 or 
lOOMHz for carbon observations. Fast atom bombardment mass spectra 
(FABMS) and fast atom bombardment high resolution mass spectra 
(FABHRMS) were run on a HXllOA, secondary ion mass spectra (SIMS) 
and electron impact mass spectra (EIMS) were run on a Hitachi M80B 
spectrometer. Infrared spectra (IR) were recorded on a JASCO IR-810. For 
column chromatography, silica gel (SiOa. Wako C-200) was used. Analytical 
thin-layer chromatography (TLC) was performed on silicagel 60 F254 plate 
(Merck). 

compound 1 

iH-NMR (CDC13. 400MHz) ppm; 11.35 (IH brs), 9.35 (IH brs). 7.10 (IH 
s). 6.95 (IH d J=2.2Hz). 6.81 (IH s). 4.45 (2H m). 4.08 (3H s). 3.94 (3H 
s). 3.90 (3H s). 3.82 (3H s). 3.66 (IH m). 2.63 (3H s). 2.38 (IH dd 
J=3.7. 7.5Hz). 1.36 (IH dd J=3.7. 4.9Hz). 13C-NMR (CDCb. lOOMHz) ppm; 
177.4. 165.1. 162.0. 161.2. 150.4. 142.7. 141.0. 138.9. 132.1. 128.8. 128.7. 
126.2. 123.4. 111.4. 1082. 107.5. 97.7. 61.5. 61.2. 56.3. 54.8. 50.9. 32.3. 
24.3. 242, 14.8. IR (KBr) cm-i; 3470. 3225. 2934. 1700. 1637. 1607. 
1385. 1295. 1264. 1106. FABMS. m/e 492 (M>+H): FABHRMS. m/e 
492.1761 (C26H2SN307+H* requires 492.1771) 

compound 2 

»H-NMR (CDCb. 500MHz) ppm; 10.02 (IH brs). 9.29 (IH brs). 6.94 (IH d 
J=2.3Hz). 6.91 (IH s). 6.77 (IH s). 5.67 (IH m). 4.37 (2H m). 4.07 (3H 
s). 3.93 (3H s). 3.89 (3H s). 2.69 (IH m). 2.37 (3H s). 1.70 (IH dd 
J=4.6. 7.4Hz). 1.53 (IH dd J=4.6, 4.6Hz). i^C-NMR (CDCb. 125MHz) ppm; 
176.8. 161.1. 159.4. 150.4. 141.0. 138.9. 136.5, 132.2. 128.8. 128..3. 1262, 
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123,3. 112,6, 107.5, 101.2, 97.8, 61.5, 61.2, 56.3, 54.8. 31.6, 25,9, 23.6. 
13.4. IR (KBr) cm-i; 3455, 3295, 2938, 1636, 1477, 1388, 1305, 1265, 
FABMS, m/e 434 (M+ + H); FABHRMS. m/e 434.1715 (C24H23N3O5 + 
requires 492-1771) 

compound 3 and 4 

70% perchloric acid (0.05ml) was added to a solution of DUMA (50mg, 
0.099mmol) in 74% acetonitrile / distilled water (4ml) and the mixture was 
stirred for Ih. 0.5M citric acid buffer (pH4) was added and the mixture 
was extracted with ethylacetate twice. The combined organic layers were 
washed with brine and dried (Na2S04) and evaporated in vacuo, and the 
residue was purified by column chromatography. (Si02, 5% mc*hariol in 
chloroform) to give diols 3 (24.8mg. 48%) and 4 (25.5mg, 49%) as yellow 
solids. 

3: iH-NMR (CD30D/CDCb, 4OOMH2) ppm; 8.05 (IH brs), 7.03 (IH s), 
6.91 (IH s), 4.60 (IH dd J=10.7, 3.7Hz). 4,54 (IH dd J=10.7, 9.OH2). 4.09 
(3H s). 4,00 (IH dd J=10.6, 4.1Hz). 3.94 (3H s). 3.91 (3H s). 3.85 (IH 
m). 3.75 (3H s). 3.58 (IH dd J=10.6, 7.9Hz) 1.63 (3H s). "C-NMR 
(CD30D/CDCb. lOOMHz) ppm; 198.9, 170.4. 161.1. 151.3. 150.4. 144.3, 
140.8. 139.5. 138.1. 130.8, 126.2. 124.5. 120.9, 115.9. 112.7. 107.5. 98.6. 
71.5. 64.2. 61.8. 61.4, 56.6. 55.2. 53.5. 43.5. 21.4. FABMS, m/e 526 (M* 
•t-H): FABHRMS, m/e 526.1807 (C26H27N3O9 + H> requires 526.1825) 

4: iH-NMR (CD3OD, 400MHz) ppm; 6.84 (IH s). 6.76 (IH bis). 6.61 (IH 
s). 4.22 (IH m). 4.03 (IH dd J=12.6, 5.7Hz), 3.97 (3H s). 3.91 (IH dd 
J«12.6, 2.8Hz). 3.84 (3H s). 3.82 (3H s). 3.69 (3H s), 3.35 (IH dd J=18.3. 
5.9Hz). 3.02 (IH dd J=18.3. 4.7Hz), 1.56 (3H s). »3C-NMR (CD3OD. 
lOOMHz) ppm; 198.8, 170.4, 164.7, 152.8, 150.1, 142.1, 140.5, 139.5, 
130.8, 130.5, 126.3, 123.9, 119.4, 118.6, 116.9, 108.5, 98.5, 71.5, 65.1, 
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61.8. 61.4, 56.5, 53.4. 52.2. 32.4. 21.5. IR (KBr) cm «; 3m, 1735. 1684, 
1622. 1520. 1424. 1399. 1306. 1247. 1105. 1048. FABMS. m/e 526 (M* + 
H); FABHRMS. m/e 526.1807 (C26H27N3O9 + H* requires 526.1825) 



compound 7 

70% perchloric acid (0.02ml) was added to a solution of 1 (lOmg. 
0.020mmol) in 74% acetonitrile / distilled water (1ml) and the mixture was 
stirred for 2h. 0.5M citric acid buffer (pH4) was added and the mixture 
was extracted with ethylacetate twice. The combined organic layers were 
washed with brine and dried (Na2S04) and evaporated in vacuo, and the 
residue was purified by column chromatography (SiOa, 5% methanol in 
chloroform to give diols 7 (8.2mg. 81%) as a pale yellow solid. 
»H-NMR (DMSO-dfi 4OOMH2) ppm; 11.72 (IH brs), 11.24 (IH bre). 9.90 
(IH brs). 7.72 (IH brs). 6.97 (IH d J=1.9Hz). 6.94 (IH s). 4.72 (IH dd 
J=5.1. 5.1Hz), 4.48 (IH d J=9.5Hz), 4.40 (IH dd J=9.5. 9.5Hz), 4.01 (IH 
m). 3.94 (3H s), 3.82 (3H s). 3.79 (3H s). 3.78 (3H s). 3.58 (IH dd 
J=5.1. 5.1. 9.2Hz). 3.00 (IH dd J=5.1. 9.2. 9.2Hz), 2.60 (3H s). I3C-NMR 
(DMSb-d6,' lOOMHz) ppm:' 165.0. 159.6. 149.0. 144.6. 142.1. 139.4. 138.9. 
138.4. 131.8. 124.8, 123.5, 123.1. 122.4. 113.5. 105.3. 103.0. 98.2. 97.9. 
63.4, 61.0. 60.8. 55.9. 53.9. 50.2. 43.5. 14.1. IR (XBr) cm-i; 1595. 1490. 
1442. 1320. 1223. 1161. FABMS. m/e 510 (M*+H): FABHRMS, m/e 
510.1868 (C26H27N3O8 + H* requires 510.1876) 



i 

■'i 

1 



'"9 



It 



compound 12 

A solution of hydochloric acid salt of KW.2189 (557mg. 0.67mmol) in 
04M citric acid buffer (pH2.1. lOOml) was stinred at 60 After four 
days the rea<^on mixture was poured into saturated sodium bicarbonate 
solution (50ml) and extracted with chloroform twice. The combined organic 
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layers were washed with brine and dried (NazSO-*) and evaporated Ln vacuo, 
and the residue was purified by coluinn chromatography {Si02, 5% methanol 
in chloroform to give 12 {456mg. 95%) as a pale yellow solid. 
iH-NMR (DMS6-d6 400MHz) ppm; 11.81 (IH brs), 11.27 (IH bra), 7.88 
(IH brs). 7.01 (IH d J=1.9Hz). 6.95 (IH s). 4.84 (IH dd J=5.1. 5.1Hz). 
4.54 (IH dd J=10.6. 1.7Hz). 4.49 (IH dd J=10.6. 8.OH2). 4.14 (IH m). 
3.94 (3H s). 3.82 (3H s). 3.81 (3H s). 3.80 (3H s). 3.69 (2H br). 3.61 (IH 
ddd J=5.1. 5.1. 9.7H2). 3.47 (2H br). 3.10 (IH ddd J=5.1. 9.7. 9.7Hz). 
2.67 (3H s), 2.41 (4H br). 2.26 (3H s). J3C-NMR (DMS0-d6. IOOMH2) 
ppm; 164.8. 159.9. 152.6. 149.1, 146.1. 139.6. 139.0. 138.0. 135.2. 131.5. 
125.6. 125.0. 124.0. 123.2. 120.1. 105.8. 105.6. 103.4. 98.0, 63.3. 61.0. 
60.9, 56.0. 54.1. 54.0, 53.7. 50.5. 45.7, 44.2. 44.1. 43.7. 14.2. IR (KBr) 
cm »; 1700. 1411, 1314. 1217. 1111. 1002. FABMS. m/e 636 (M*+H); 
FABHRMS. m/e 636.2665 (C32H37N5O9 + H+ requires 636.2669) 
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